Ankle sprains are common sports injuries. Inadequate foot position awareness is thought to be the fundamental cause of these injuries. Ankle taping may decrease risk of injury through improving foot position awareness. The benefit of taping is thought to decrease with duration of exercise because of poor tape adherence to human skin. This study was a randomized, crossover, controlled comparison experiment that tested the hypothesis that ankle taping improves foot position awareness before and after exercise. A sample of 24 healthy young blindfolded volunteers, wearing their own athletic shoes, indicated perceived slope direction and estimated slope amplitude when bearing full body weight and standing on a series of blocks. The top slope of the blocks varied between 00 and 250, in 2.50 increments, to orient the plantar surface with respect to the leg toward pronation, supination, plantarflexion, and dorsiflexion, relative to its position on a flat surface. Foot position awareness, which was considered the reciprocal of surface slope estimate error, varied with testing condition, particularly when surface slope was greater than 100, presumably the most important range considering ankle injuries. In this higher range absolute position error was 4.230 taped, and 5.530 untaped (P < 0.001). Following exercise, in the higher range absolute position error was 2.5 % worse when taped and 35.5 % worse when untaped (P < 0.001). These data support the hypothesis that ankle taping improves proprioception before and after exercise. They also indicate that foot position awareness declines with exercise. Compared to barefoot data (position error 1.9 70), foot position error was 107.5 % poorer with athletic footwear when untaped (absolute position error 4. 110), and 58.1% worse when taped (position error 3.130 Table 1 . Mixed experimental design incorporating a repeated measures design across exercise condition and a between subjects design for taping condition. A total of 24 subjects was randomly assigned to one of the two ankle taping conditions. Measurements of foot position sense were taken before and after the exercise and no exercise conditions. Ankle taping and proprioception: S. Robbins et al. consisting of running and basketball, whereas the noexercise subjects rested. The right leg was then re-tested following either the exercise or no-exercise sessions. The room where testing was performed was well lit and ventilated. Subjects exercised in a gymnasium above the testing room.
Data analysis Foot position estimate error quantifies difference between perceived foot position derived from estimates of surface slope and actual slope of surface. Absolute mean estimate error assigns a positive value to errors, whether they be underestimation or overestimation of actual position. This measure gives the best indication of overall precision of estimates. Net mean estimate error is positive for overestimation and negative for underestimation of actual foot position. It indicates orientation of position error. Surface slope, net mean error, and absolute mean error were examined as a function of perceived surface slope using analysis of variance for repeated measures, according to a tape x exercise x angle design, in which the tape factor consisted of two levels (taped, untaped), exercise factor consisted of two levels (exercise, no-exercise), and angle factor consisted of 11 levels representing the angled blocks subjects were tested with (00-250; 2.50 increments Perceived surface slope as a function of actual surface slope (Figure 2 ) All main effects and two way interactions were significant. There was a significant three way interaction effect for tape x exercise x angle [F(10,220) = 5.19,
Absolute mean estimate error as a function of actual foot position ( Figure 3 ) All main effects and two way interactions were significant. There was a significant three way interaction effect for tape x exercise x angle [F(10,220) = 4.03,
Net mean estimate error as a function of actual surface slope (Figure 4 ) All main effects and two way interactions were significant. There was a significant three way interaction effect for tape x exercise x angle [F(10,220) = 3.03,
Reliability of testing method
The testing method displayed test-retest reliability coefficient of 0.91 for both taped and untaped subjects in the no-exercise condition. Test-retest reliability coefficient for the exercise condition was 0.89. improves foot position awareness. A further conclusion is that taping counters underestimation of foot position angle caused by modem athletic footwear. The inescapable conclusion is that footwear use is ultimately responsible for ankle injury. The conclusion is consistent with observations made among populations where barefoot activity is the norm. Ankle sprains are uncommon in these groups. Since the benefit of taping remains even when ankle supporting function has declined (after exercise), there is support for the notion that traction of tape on the skin of the leg and foot is used by humans to judge foot position.5
In conclusion, this experiment provides the strongest physiological evidence yet presented of potential usefulness of ankle taping in sport. From another perspective it suggests that most ankle injuries are not inherent to sport, but rather are caused by footwear. Since ankle injuries may be the most common injury in sport, it follows that identifying and redesigning footwear to optimize this sense may well be the most promising approach to reducing injury incidence in all sports.
